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INDUSTRIAL REVIVAL 


AND THE 


BAILEY FURNACE 


HEREVER the cost of steam enters 
WV arwone into the overhead of 

any manufactured product, every 
step should be taken to make this cost a 
minimum. To the Power Station the 
principal raw material is coal, and there- 
fore any saving in coal costs soon amounts 
to considerable sums. Whilst with 
industrial plants the amount of the saving 
is not of the same magnitude, yet fre- 
quently the gain in economy materially 
reduces production costs. The figures 
given on the map below show the number 
of Bailey Water Cooled Combustion 
Chambers installed in each country to 
the end of April 1934 approximately, 
which reach a total of 740. Below the 
map are listed the number of Bailey 


Furnaces installed in Industrial Plants 
to the same date, which total 268. 
It will be seen therefore that 36°, of 
the World Installations of Bailey Fur- 
naces have been installed in Industrial 
Plants. In order to take full advantage 
of the Industrial Revival, manufacturers 
should investigate thoroughly the possi- 
bility of reducing steam costs through 
the installation of modern steam raising 
units equipped with Bailey Furnaces, 
or the addition of Bailey Furnaces to 
existing boiler units. Any Babcock & 
Wilcox Branch Office, Associated Com- 
pany, Representative or Agent will 
furnish full particulars on application 
without the enquirer being placed under 
any obligation and without charge. 
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4 AMERICA ; 
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Steel Tubing 


for 


Transformers 


Write for 
Publication J.50 


TUBE PRODUCTS LTD. 


i (INCORPORATING H. JOYCE & CO.) 
Photograph (reproduced through the courtesy 


of the English Electric Co. Ltd., Stafford) 
showing Tube Products Elliptical Trans- OL DBU RY & BI RM i NGH AM 


former Tubing. 


T.P. 56. 


PACKINGS & JOINTINGS 


| OF EVERY DESCRIPTION -- - - 


“LION” EXPANDING 
TYPE. “ LION ”, AUTOMATIC 
“ 
For High Pressure and Super- KROMYDE TYPE. WRITE 
heat Steam. The working is a Plaited Packing made For Highest Hydraulic Pres- 
pressure expandsthelipsand from specially prepared — sures, The packing functions FOR 
the anti-friction metal Studs Chrome Leather. Suitable automatically. An _anti- : 
ensure a perfect wearing for all Cold Water and Oil friction wearing surface is CATALOGUE 
surface. Pump Work. provided by the Metal Studs. No.\395 


“GOLDEN WALKERITE” JOINTING. 


Still the best Compressed Asbestos Fibre Jointing.in the market. Supplied also 
with Graphite finish, or reinforced with Steel or Brass Wire. 


“GASKOID” OIL & PETROL JOINTING. 


This Jointing has passed Admiralty and Air Ministry tests and is being supplied 
in enormous quantities to Industrial Concerns of every description. It is absolutely 
dependable. 


JAMES WALKER & CO., LIMITED, 
“LION” WORKS, WOKING, SURREY. 
Telephone : Woking 1040. Telegrams: “Lioncelle,” 


Electrically Welded 

wy 
| 

: 


October, 1934. THE ENGLISH ELECTRIC JOURNAL i 


INSULATION 


AND 


LUBRICATION. 


Silvertown Transformer, Switch and  Penetrol 
Heavy Insulating Oils are used, approved and supplied 
by the principal Transformer and Switchgear Manufac- 
turers. Millions of gallons are in daily use in all 
parts of the world. 


if 


Silvertown Lubricants, for Plant, Machinery 
and Transport of every description, are known 
and appreciated for their outstanding value 
by discerning buyers throughout the world. 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 


Silvertown 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.16. 


Send for a copy of Booklet on Electrical Oils. 


in 
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PATENT AUTOMATIC 


BELT PULLEYS 


AND 


COUPLINGS 


SAVE POUNDS A YEAR 
IN CURRENT 


Over 15,000 in use. 


ENSURE 
EASY 
STARTING 
OF MOTORS 


WITH 


REDUCED 
CONSUMPTION 
OF CURRENT 


NEW 


THOMAS BROADBENT 


& SONS, LTD. 
HUDDERSFIELD 


Telephone : Huddersfield 1581 (4 lines) i => 3 


MAKERS OF ALL TYPES OF 
CENTRIFUGAL CLUTCHES, FRICTION CLUTCHES, SLIP COUPLINGS, BRAKES, Etc. 
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TYPICAL 


Traction Motors 


(Pure Asbestos) 


INSULATED WIRES 


COILS WOUND WITH 
“ LEWBESTOS ” 
CONDUCTORS 
DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 
Our booklet on Modern Armature 


Winding gives practical and technical 
information. SEND FORIT NOW! 


THE LONDON ELECTRIC WIRE 
COMPANY... SMITHS, LIMITED 


Of what use is your electric vehicle if the 
charger breaks down? This apparatus is as 
important as the actual vehicle; it supplies 
the driving force, and a breakdown to-night 
means that the vehicle cannot be used to- 
morrow. 


ARE YOU TAKING THIS RISK? 


Westinghouse Battery Chargers are built 
round the reliable and permanent Westing- 
house Metal Rectifier. Tests prove that, 
even after 60,000 hours continuous use at full 
load, there is no change in characteristic. 
60,000 hours and still as good as ever. 
Already 24 times the guaranteed life of a 
valve. Nothing to burn out, go wrong or 
require renewal. Simplicity with security. 


RECTIFIERS 


Church Road Leyton, London. E.10. The Westinghouse Brake & Saxby Signal Co., Ltd 


Tel: LEYTONSTONE 3636 (IO lines) 82, 


York Road, King’s Cross, London, N.1. 


REGD. 
Fe 
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Established 1868 


ATTWATER & SONS 


PRESTON, ENGLAND. 


MICA AND MICANITE IN ALL FORMS. 
VULCANIZED FIBRE. PEERLESS LEATHEROID. 
PRESSPAHN AND FULLERBOARD In Sheets and Rolls. 

EMPIRE CLOTH AND TAPES. 
COTTON AND ALSO ASBESTOS DYNAMO TAPES. 
BAKELITE RESIN, VARNISH, SHEETS, TUBES, ETC. 


For all oil immersed Electrical Apparatus. 


EBONITE ENGINEERS. 


Contractors to British and Foreign Governments, Admiralties and War Offices. 


Cklephone: No 


We can supply your requirements immediately 


_s from stock at the lowest possible prices; 
Highest quality only.———— 
SHEETS SPECIALLY SHEARED FOR 
CUSTOMERS’ REQUIREMENTS DOWN TO 3" A 
STEEL, PLAIN & CHEQUERED PLATES 
STEEL SECTIONS + IRON & STEEL 
MERCHANT BARS + FLITCH PLATES 
HOOPS, ETC. 
Full range of sizes and large tonnages always in stock. 
MONTHLY STOCK LIST MAILED ON APPLICATION. 


HALL BROS (West Bromwich) SS 


EAGLE WORKS-GREETSGREEN 
aa WEST BROMWICH 


elegrams Eagle, West Bromwich. 


Tipton 16/1 (5 lines). 
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EK. N. MASON & SONS, LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


Machine Tool BATEND Machine Tool 
Engineering a Engineering 
XNIDITION XNIDITION 

to their 
STAND NO. 3 


OLYMPIA EMPIRE HALL OLYMPIA 


WE ARE EXHIBITING WE ARE EXHIBITING 


Extensive Display and Full Demonstration 
of 
ARCLIGHT COMPLETE PHOTO PRINTING 
EQUIPMENT 


including 


THE “NEW CENTURY” Continuous PHoTO COPIERS. 


THE SINGLE & TWO LAMP MODELS OF THIS MACHINE REPRESENT 
THE * LAST WORD ” IN EFFICIENT ECONOMY IN PHOTO PRINTING. 


THE ““NULYNE” POSITIVE PRINTING PROCESS. 
PATENTED HAND AND POWER DEVELOPING MACHINES. 


“ARCLIGHT” STATIONERY AND CONTINUOUS PHOTO 
COPIERS AND DRYING MACHINES. 


——5.T.U. FERRO PRUSSIATE PAPER —— 


SELF - TONING UNIVERSAL — THE NEW PAPER WHICH 
HAS COME TO STAY. NO DEVELOPER -— NO FADING — 
NO TROUBLE —- NO WASTE. 


ARCLIGHT WORKS COLCHESTER ENGLAND 
LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE 
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4-way Box, with diving bell lid removed. 


This Four-way Selective L.T. 
Disconnecting Box offers the 
widest scope possible for 
subdividing a distribution 
network, as any desired cable 
connection can be made. 
Duplicate busbars are fitted 
which give alternative connec- 
tions for each cable. 

It also embodies all the well- 
known features of our standard 
box, in particular the ease of 
jointing. 

Boxes suitable for 6 cables 
can also be supplied. 


Write for Catalogue 160, 2C. 


SELECTIVE 


LINK FUSE 
BOX 


(Patent applied for) 
fitted with 


“English Electric” Cartridge Fuses 
up to 300 amps. 


SIEMENS BROTHERS & CO. LTD. 


Tele. Woolwich 1161 WOOLWICH, LONDON, S.E.18 Established 1858 


A Selective Disconnecting Box 
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All rights of republication, including translation of articles, are reserved. 
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1,000 H.P. 8-L. Type Diesel Engine coupled to a 690 kW. Alternator, for installation at 
Lismore, Australia ; the engine is shown on test at the Rugby Works. 


1,500 H.P. 6-Q. Fullagar Engine coupled to a 1,000 kW. Alternator, for the Delhi Electric 


Light & Power Company. 
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EDITORIAL. 
The first article is 


description of the salient features in the 


devoted to a 


design of the Company’s range of Oil 
Engines, together with some interesting 
The Company has had 


over 30 years’ experience in the design 


applications. 


and construction of Oil Engines and in 
addition is in the advantageous position 
of being manufacturers of both Diesel 
Engines and Generators as well as of 
apparatus the and 
distribution of the generated power, 
thereby ensuring undivided responsibility 
and active co-operation in all depart- 
ments, to effect the smooth and efficient 
carrying out of comprehensive contracts. 


for transmission 


An abstract of a paper read by Mr. A. 
T. Chadwick before the Stafford Works 
Engineering Society is reprinted in this 
issue. This paper will be of value to all 
interested in present day practice in the 
design and construction of transformers. 
The Company’s range extends from the 
smallest Instrument Transformers up to 


: 
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the largest units and highest voltages for 
operation in this country and abroad. 
The third article describes and illus- 
trates the Company’s increased range 
Heating Cooking 
We would draw particular 
the Reflector 
These have been designed to meet a 


of Domestic, and 
Appliances. 
attention to new Fires. 
popular demand and the tubular con- 
struction and chromium plated finish 
harmonise with modern tendencies in 
furnishings and decoration. Inset Fires 
and Wall-type Surround Fires are also 
dealt with and will appeal particularly 


to architects and builders. 
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Water Heaters are of the “ push”’ type 
the of the 
“pressure”? type for the larger sizes, 


namely, for 5, 12, 15 and 20 gallons. 


for 14 gallon size and 


They have been very carefully designed 
and a very high degree of efficiency has 
been attained, resulting in extremely low 
operating costs. 

The range of Electric Cookers has 
been extended by the 
Breakfast Cooker, which forms a useful 
the household 
equipment, or for use in a small house 
or flat. 


inclusion of a 


auxiliary to ordinary 


This illustration is received from South Africa on going to press, it shows the 18,000 (Peak). H.P. 
Reversing Mill Motor installed at the new Pretoria Steel Works of the South African Iron and Steel 


| Industrial Corporation. 


Brief details of the plant and equipment being supplied for this under- 
taking were given in the October 1932 issue of this Journal. i? 


| 
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Modern Diesel Engines. 


The most important factors which have 
influenced the design of Diesel Engines during 
the last few years are—firstly, the almost universal 
adoption of mechanical injection ; and secondly, 
the increase in engine speeds. 

Until quite recently Diesel Engines, particu- 
larly of the smaller and medium sizes, showed 
very definitely the influence in design of the 
steam engine from which they were evolved, 
that is to say, they were’ of comparatively slow 
speed and equipped with separate cylinders 
mounted on “A” frames, thus leaving the 
operating parts of the engine exposed. 

Recent years have seen the development of 
the medium and high-speed Diesel Engine, which 
has been made possible by the successful develop- 
ment of the high-pressure fuel pump and injector. 

The advances which have been made in the 
production of suitable materials have enabled 
the weight of the reciprocating parts to be greatly 
reduced without sacrificing the essential factor 
of safety. This has enabled manufacturers to 
produce engines running at higher speeds, which 
are as reliable and much more economical than 
the earlier designs. 

The range of engines manufactured by the 
Company extends from the type high- 
speed engine, running at 1,500 r.p.m., 
developing 200 h.p., up to the largest size of 
Fullagar Engine, developing 3,500 h.p. at 214 
r.p.m. The complete range of engines, including 
Fullagar Engines, are now equipped with me- 
chanical injection. 

The “H” type high-speed engine, as fitted 
to the Diesel-Electric Coach manufactured by 
the English Electrie Company, has been fully 
described in an article entitled ‘‘ New Diesel- 
Electric Rail Coach for Branch Line working,” 
published in the December, 1933, issue of this 
journal. 

The two most recent engines developed are the 
“K” and “L” types. Both types are of the 
most modern design and construction, and their 
success has been amply demonstrated by the 


and 


many important contracts which have been 


received for these engines. Before mentioning 
some of the more interesting applications to 
which they have been put, a few of the particular 
points in the design are here described. 

Both the “K” and * L” type engines are 
generally of similar design, they are totally- 
enclosed, and provided with forced-feed lubrica- 
tion throughout. One of the most important 
items in all Diesel Engines is the lubrication 
system, and this has received special attention 
in the design of both types of engine. All lubri- 
cating oil piping is arranged in such a way that 
unsupported lengths of pipe are reduced to a 
minimum in order to avoid any possibility of 
fracture. 

The forced-feed system is carried to every part 
of the engine requiring lubrication, including the 
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Fig. 1. Rear End, showing Lubricating Oil Pump. ay 
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push rods and valve rockers. There are no sight 
feed or grease lubricators requiring periodical 
attention. Specially designed oil strainers and 
oil coolers are incorporated as an integral part 
of the engine, while bye-pass lubricating oil 
purifiers are fitted as standard. The arrangement 
of the push rods and fuel pumps is such that it 
is impossible for the returning lubricating oil to 
become contaminated by the fuel oil. Fig. 1 
shows the lubricating oil pump. 

The valves and valve gear have been designed 
so that they will require a minimum of attention, 
and for this purpose the weights of all moving 
parts have been kept as low as possible. The 
necessary valve clearance is taken up in a spherical 
joint at the bottom end of the push rods, which 
operate in an oil bath, consequently the complete 
valve gear is extremely quiet in operation. 
Fig. 2 illustrates the valve gear with covers 
removed. 

The camshafts of both types of engine are 
driven through an intermediate shaft by a chain 
at the flywheel end of the. engine, the chain being 
lubricated by a continual stream of oil from the 
main system. An easy method of chain tension- 
ing is provided, and a special procedure is followed 
during manufacture which eliminates the necessity 
for further adjustment of the chain tension for 
an extended period of operation. 

The fuel oil system incorporates a special type 
of piping on the low-pressure side to eliminate 
the possibility of leakage. The pumps and in- 
jection valves fitted to these engines, as to all 
“English Electric ’’ Diesel Engines, are of the 
British made Bosch type. 

The cooling water system has received careful 
attention. Means are provided for ensuring that 
the cooling water entering the cylinder jackets 
is distributed evenly over the whole surface, 
thereby preventing any tendency to distortion 
of the cylinder liners and also the development 
of “hot spots ’’ which encourages the building 
up of hard deposits from the water. The cooling 
water leaving the cylinder jackets passes to the 
cylinder heads through external connections which 
are so arranged that the cooling water is directed 
evenly over the inner surface of the cylinder 
head. The water jacket of the cylinder head 
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Fig. 2. 


Showing the Fuel Pumps and Valve Gear 
with Covers removed. 


itself is designed so that no “dead” pockets 
exist in which “ hot spots ’’ might develop, while 
even the cleaning doors for the water jackets 
are so made as to prevent the possibility of vapour 
pockets being formed. 

The cylinder liners are of special cast-iron, and 
are fitted into the crankcase in such a way that 
the maximum surface of the liner is exposed to 
the cooling water, and the transference of heat 
from the upper portion of the liner to the cooling 
water is thus provided for. This feature is 
unique to these engines, and is of the utmost 
importance in ensuring a long life for the liners, 
and a reduction of lubricating oil consumption. 

The design of the pistons shows a distinct 
departure from normal practice. The crowns 
are heavily dished, and the thickness of metal in 
the crown and in the body of the piston adjacent 
to the rings is very generous. The pistons are 
provided with only three compression rings and 
one scraper ring, the position of the rings is such 
that they are adequately protected from the high 
temperatures reached in the combustion space, 
enabling them to work continuously with adéquate 
lubrication, thereby preventing any tendency to 
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carbonisation of the oil, which results in the 
common trouble of sticking of rings. 

To go into the complete design of these engines 
is outside the scope of this article, but some of 
the installations and the particular applications 
will be of interest. 

A notable contract carried out by the Company 
was the installation of four Diesel Generating 
Sets at the new Midland Regional Station of the 
British Broadcasting Corporation at Droitwich. 
Each of these sets comprises a 750 h.p., 6-L 
engine running at 375 r.p.m., direct-coupled to 
an ‘ English Electric ’’ 520 kW. alternator. In 
this installation not only was reliability of extreme 
importance, but also special consideration had 
to be given to the question of mechanical silence 
and absence of vibration. The complete gener- 
ating station is installed on a concrete block 
9 ft. deep, weighing approximately 900 tons. 
This block is insulated from the foundations of 
the main building by means of an air space com- 
pletely surrounding it. The engines as a whole 
are so quiet in operation that they are inaudible 
at quite a short distance from the power house, 
while vibration is virtually non-existent. The 
first engine was put into operation in April, 1934, 
and the station was completed in June ; 
these sets is shown in 


one of 


Fig. 3. 

Another example 
is the four-cylinder 
500 h.p., 375 r.p.m., 


“L” type engine, and 
English Electric” 345 
kW. alternator supplied 
to Edmundsons Electri- 
city Corporation for 
Ilfracombe, which was 
installed in August this 
year. This set is note- 
worthy for the fact that 
the engine is equipped 
with special secondary 
balancing gear. It should 
be noted that it is not 
possible to balance a 
four-cylinder engine by 
means of balance weights 
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on the crankshaft, but by fitting special balancing 
gear, which is located in the engine bedplate, 
without altering the external appearance of the 
engine, a four-cylinder engine can be made, so far 
as freedom from vibration is concerned, equal to 
a six or eight-cylinder engine. 

A further interesting contract was recently 
completed at Rugby for a generating set to be 
installed at Lismore, Australia. This set com- 
prised an eight-cylinder, “L” type engine, 
developing 1,000 h.p. at 375 r.p.m., direct- 
coupled to a 690 kW. “English Electric ” 
alternator. The upper illustration of the frontis- 
piece shows this generating set on test at the 
Company’s Rugby works. The clean lines and 
compact size are well illustrated by this set, 
which actually requires less space than a 750 h-p. 
set of earlier design. 

Among other ‘“L” type engines under con- 
struction or recently completed, mention should 
be made of the following :— 

A six-cylinder, 750 h.p. generating set for 
the West Devon Electric Supply Co., for 
Mary Tavy. 

A five-cylinder, 625 h.p. generating set for 
Whitehall Securities Ltd., for Bideford 
& District Electric Supply Co. 


Fig. 3. One of the four 750 H.P. 6-L Engines coupled to a 520 kW. Alternator 
at the Droitwich Station of the British Broadcasting Station. 
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A five-cylinder 625 h.p. generating set for 
Bridport Urban District Council. 

A seven-cylinder, 875 h.p. generating set 
for the Gokak Mills, India. 

A six-cylinder, 750 h.p. Generating set for 
the War Office. 

A number of interesting contracts have also 
been completed or are in hand for the “ K” 
type engine. These include :— 

Two 6-K, 600 r.p.m., 300 h.p. generating 
sets for installation in the West End of 
London. These sets will operate in a heavily 
built-up area, where, in addition to the 
necessity for silence, care had to be taken to 
avoid discharge into the atmosphere of smoke 
such as is produced by imperfect combustion. 
One of these engines is illustrated in Fig. 4, the 
extreme compactness and efficient enclosing of 
all moving parts will be apparent. An important 
point which is influencing manufacturers in the 
installation of their own generating plant of this 
type is that the plant does not need continual 
attention. There are no hand lubricators or 
greasers ; there is no necessity to alter the blast 
pressure according to the load ; in fact the engines 
are entirely automatic in 
operation and can be equipped, 
if required, with automa- 
tic gear which will shut them 
down in the event of a stoppage 
of cooling water, over-heating, 
or similar cause. Consequently 
it is possible to operate this 
type of plant with only the 
part-time services of one of 
the Works’ staff. 

Another interesting applica- 
tion of this class of engine is 
in the marine field, where the 
Company. secured an_ order 
for a complete Diesel-Electric 
Tug for operation on the 
River Thames. The propul- 
sion equipment for this vessel 
consists of two six-cylinder, 
300 h.p. type engines, 
direct-coupled to ‘ English 
Electric ” 168 kW. D.C. gen- 
erators with separate exciters. 


Fig. 4. 


The contract also includes a 500 h.p. 90/120 r.p.m., 
double armature main propulsion motor, and all 
control gear, switchboards and auxiliaries. An 
important feature of this contract is that the 
entire Diesel-Electric Propulsion Equipment. is 
manufactured by one Company, with the con- 
sequent complete co-ordination between the 
designers of the engine and of the electrical 
equipment. These engines are of the “K” 
type, specially designed for marine purposes, the 
bedplates being of extremely robust construction 
with very heavy flanges and webs. The circu- 
lating water and bilge pumps are built on to the 
forward end of the engine as an integral part. 

The * K ” type engine, on account of its light 
weight, compact size and extremely smooth 
running, is an ideal engine for marine propulsion 
and marine auxiliaries. 

This tug will be the subject of a future article 
in this Journal. 

A three-cylinder, K type, 150 h.p. engine 
has been supplied for service in South America. 
This is of fabricated construction, in which the 
bedplate and crank-case are of all-welded steel. 
The engine is of the portable type, and the 


A 6-K, 300 H.P., Diesel Oil Engine. 
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reduction in weight due to the fabricated con- 
struction is of importance. 

Among other interesting orders completed or 
in hand are a 6-K, 300 h.p. engine for Australia, 
and two eight-cylinder, 400 h.p. engines for the 
Admiralty. 

For larger sizes of oil engines the Company 
manufacture the Fullagar opposed piston, two- 
stroke type of engine for which many important 
contracts have been received. These engines 
are now equipped with mechanical injection, 
which has increased the output for a given cylinder 
size and greatly improved fuel consumption and 
ease of operation. It is not intended here to 
describe in detail the construction of the Fullagar 
engine, which is recognised as being unexcelled 
for power station and pumping requirements. 
Due to the unique design of these engines, em- 
ploying only one crank and connecting rod per 
cylinder (whereas in other opposed piston engines no 
less than three cranks per cylinder are necessary), 
almost perfect balance is assured, while pressures 
on the main bearings are unusually low owing 
to the counter action of the connecting rods. 
The whole principle of construction contributes 
to extreme reliability and long life, and this has 
been amply borne out by the large number of 
repeat orders which the company has received. 

Orders received or completed during the last 
twelve months include :— 

A 980 h.p., 670 kW. generating set for 
the British Phosphate Commissioners. 

A 1,500 h.p., 1,000 kW., set for the Delhi 
Electric Light & Power Co. (Repeat 
Order.) This set is shown in the lower 
illustration of the frontispiece. 

Two 1,500 h.p., 1,000 kW. sets for the 
Admiralty. (Repeat Order.) 

Three 1,500 h.p., 1,000 kW., sets for the 
Admiralty for a new Generating Station. 

Over 50 Fullagar engines of the company’s 
manufacture are giving satisfactory service in 
various parts of the world, including the largest 
stationary oil engine yet manufactured in this 
country. 

It will be appreciated from the review that the 
company’s activities in the oil engine field are 
extremely wide. The Rugby Works (formerly 
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Messrs. Willans & Robinson, Ltd.) have manu- 
factured Diesel engines for over thirty years, and 
during the whole of that time the products of the 
works have enjoyed an exceptional reputation for 
reliability and good design. The company’s 
engines besides being eminently suitable for 
power stations, are also well fitted for pumping 
plants, driving compressors, line shafts, auxiliaries, 
and many other forms of drive. The experience 
of the English Electric Company, as well as its 
ability to manufacture all kinds of electrical 
apparatus, hydraulic and traction equipment, 
enables the company’s engine designers to ensure 
that they are perfectly suited to the various 
applications for which they are required. 

It may be of interest to give some brief par- 
ticulars of two of the many “ English Electric ”’ 
installations which have given outstanding service 
over a number of years, the criterion of a Diesel 
engine being its ability to operate with the utmost 
reliability and maintain its operating efficiency 
over long periods. 

In 1912, a “ Willans ’’ engine was installed at 
the Rugby Water Works, followed by a repeat 
order in 1921. These engines drive centrifugal 
pumps through gearing and vertical shafts. The 
earlier set has now operated approximately 
180,000 hours. Throughout this period there has 
not been a single forced stoppage. The second 
set has given similar good service, and both plants 
are operating as satisfactorily to-day as when 
they were first installed. There are no standby 
engines and no additional pumping machinery 
has been installed. 

In 1920, a 4-B Diesel engine and generator 
was installed in the Aramayo Mines in Bolivia. 
This equipment operates at an altitude of 12,000 
ft., under the most extreme temperature con- 
ditions, and in a very dusty atmosphere. Addi- 
tional orders for three similar engines were 
received in 1925. The good condition of the first 
engine is amply demonstrated by the fact that 
the owners considered it worth while to install 
recently modern engine accessories. The two 
spare cylinder liners which were originally sent 
out with the engine have never been used. 
Similar satisfactory results have been obtained 
with the three other engines installed in this mine. 


= 
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Transformers. 


Abstract of a Paper read before the Stafford Works Engineering Society. 


By A. T. CHADWICK, A.M.I.E.E., Chief Transformer Engineer. 


The transformers developed from the original 
roughly constructed apparatus made by Faraday 
have been the means of allowing the rapid growth 
of electrical power development and application. 
The general use of electrical power depends 
entirely on it being capable of generation in large 
blocks, and its easy transference over wide areas 
of consumption. Without the transformer this 
would have been impossible. 

The economical generation of power is not 
possible at voltages which are also suited to 
economical transmission. It may be that this 
apparent illogic of Nature is due less to Nature’s 
ultimate plan, than to man’s as yet incomplete 
mastery of the question of power generation and 
application. 

The importance of the transformer in the 
power industry in its present state, may be 
judged partly by considering that almost the 
entire world production of electrical energy is 
passed two, three, four or even more times through 
transformers, or differently expressed the total 
energy passed through transformers equals three 
times the whole world production of electrical 
energy. 

The individual types of transformers made at 
the company’s Stafford Works are necessarily 
various to suit widely differing applications. 
They include 
1.—Power Application. 

(1) Main H.V. Grid line transformers, 15,000 
kVA. upwards. 

(2) Secondary Grid line transformers, 2,000 
kVA. to 15,000 kVA. 

(3) Large Consumers transformers, 500 to 
2,000 kVA. 

(4) Distribution transformers, 5 kVA. to 500 
kVA. 

(5) House transformers, } kVA. to 5 kVA. 

(6) Booster regulating transformers. 
2.—Special Plant Application. 

(1) Rotary convertor transformers. 


(2) Mercury are rectifier transformers. 

(3) Short-rated auto-transformers for starting 
large rotating machines and small motors. 

(4) Furnace transformers having currents from 
30 to 50,000 amperes. 


3.—Special Unit Application. 


(1) Current-limiting reactors, dry type and oil 
immersed. 

(2) Neon sign transformers. 

(3) Small units for special application, such as, 
chokes, safety handlamp transformers. 

(4) Instrument transformers for use in power 
measurement and in various protective schemes. 

(5) Transformers for use in are welding. 

It is part of the designer’s business to utilise 
to the best advantage a certain limited number 
of types and sizes of frames on which to build 
transformers to meet these widely varying re- 
quirements. 

For several years it has been the Company’s 
practice to build normal power transformers 
of the core type with circular coils. There are 
still a few companies who adhere to shell-type 
designs, but this number is gradually diminishing. 
It may be stated that the many advantages 
connected with the use of circular coils have been 
responsible for the decline of the shell-type 
construction. 

CorREs. 

Core sections are made of a stepped shape, the 
points of the steps being brought to the limit of 
the circle diameter determined on for each frame 
size. 

With the given circle diameter 100 per cent., the 


gross iron section varies with the number of 
steps used. The variation being :— 
With 3 steps 85 per cent. 
ae 91.5 per cent. 
» 94 per cent. 


The number of steps used on various sizes of 
standard cores is determined by consideration of 
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the cost of cutting, punching and building the 
different numbers of plate-widths involved. 

The useful or net section of iron which can be 
reckoned on is dependent on the quality and 
finish of the steel sheets available, by the amount 
of insulation applied and the method of core- 
clamping adopted. 

The steel sheets are rolled from billets con- 
taining approximately 4 per cent. silicon, and 
during the rolling, doubling and re-rolling which 
occurs before the requisite thinness of sheet is 
obtained, one or more hard oxide films are pro- 
duced on the sheet surface. After rolling the 
sheets are usually annealed to reduce the watts 
loss per pound, this is done in an atmosphere of 
coal gas or hydrogen to restrict oxidation. 
Before completion sheets are pickled and scrubbed, 
so as to remove as far as possible the oxide scale. 
There is still room for improvement in the pro- 
duction of the practically scale-free sheets. 

Freedom from waviness is also important, as 
this has a direct influence on the net iron factor, 
it also indicates presence of internal strain in the 
sheet which causes a cut edge to bow when slit. 
The condition of the finished sheet in respect to 
hardness or brittleness is important from the 
point of view of mechanical 
strength of the material and 
the life of the shears and 
punches. This matter is test- 
ed by means of a_ bending 
test, which requires the sheet 
to be capable of being bent 
back and fore across rounded 


edges with 5 m.m. radius, 
without showing signs of 
cracking. 


The question of insulation 
of sheets has various answers, 
some manufacturers paste thin 
paper sheets on the steel sur- 
face, others use a varnish film. 

On the Company’s standard 
transformers up to 70 kVA. 
the insulating value of the 
iron oxide film is depended 
on, whilst above this size a 


Fig. 1. 
thin coating of waterglass ™ 
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solution (sodium silicate), the thickness of which 
is almost negligible is applied. 

The thickness of various insulation coverings 
is :— 


Paper sheets ai wen 2 mils 
Insuline (China clay) ,, 


With steel sheets of only .014 in. thickness, it 
is evident that the influence of plate insulation 
used upon the net section is very appreciable. 

The effect of the above coverings :— 


Covering. Sheet factor net/ 
Gross Section. 
None ous ... per cent. 
Varnish ... 
Paper sheet ani 


Up to 70 kVA. the core limbs are bound tight 
with a cotton webbing. Above this size a single 
line of bolts is used on all cores. 

The clamping factor under average conditions 
is approximately 95 per cent. for webbed cores, 
and down to 85 per cent. for some of the largest 
bolted cores. 


415,000 kVA., 132,000/66,000 Volt, 3-phase 50 cycles Type 


ON/|OFB Transformer. 
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The design of core construction requires careful 
attention to detail. It is sometimes considered 
a secondary matter, but experience has shown 
its vital importance. 

The bolts clamping the laminations together 
are wrapped with leatheroid to insulate from the 
core laminations and are carefully insulated from 
the clamping plates. 


One vertical row of bolts is used, even on large 
cores. The use of two or more rows holds a 
prospect of trouble resulting from circulating 
currents in the bolts due to damaged or dislocated 
insulation. Also at the point where a bolt passes 
through the core, there tend to exist burrs on the 
plates at the edges of the holes, which can join 
up at different parts of the limb and form a path 
for a circulating current, and when two rows of 
such holes exist, a section of the flux is enclosed 
by the circuit and a slow growth of current may 
occur. The fact that with the single row bolting 
there occurs a spread of the plates at the outer 
edges, tends to keep these edges very slightly 
separated, and so maintain a high resistance 
around the circumference of the core and keep 
low the band of current flowing round. This 
circuit around the plate edges constitutes of 
course, a short-circuited single turn around the 
total flux, so that particularly with large section 
cores, it is important to keep this resistance as 
high as possible. 


For small and medium sized oil-immersed 
transformers, the dissipation of the heat generated 
by the core losses is a simple matter. Allowance 
for passage of oil along the various natural sur- 
faces of the core is sufficient to maintain reasonable 
temperature rise. Very large cores, however, 
require special consideration and additional 
surfaces for exposure to oil must be formed. 


This can be judged as follows. 


The watts/Ib. losses at B 14,000 lines/sq. em. 


=-1.0 


For a width of plate of 8 in. (corresponding to 

about a 750 kVA. transformer). 
Rate of heat travel (Km) = .44 watts per sq. 
in. per in. per °C. 


Watts per cu. in. (We) =1.5 .27 = .405. 
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Temperature gradient between outer surface 

and middle of core = d’We = 4° x .405 = 7.4°C 
2Km 2 xX 44 

Temperature drop between core surface and 
oil varies with watts per sq. in. This latter = 
405 X 4 = 1.62 which from test curves corre- 
sponds to 16°C. 


The total temperature rise of the iron at middle 
of the core = Oil temperature rise say 50° C. +- 
7.4 + 16 = 73.4°C. 

With a plate width of 24 in. on a 20,000 kVA. 
transformer, with no cooling ducts, the corre- 
sponding figures would be— 


Gradient to core surface = 12? x 405 = 66°C. 
2x .44 
Surface watts per sq. in. = 405 x 12 = 4.86 


Temperature drop core surface to oil = 
approx. 60° C, 
Middle of core to oil = 126°C, 
50° C. 
176° C. 
There are two ways of placing oil ducts in a 
core: see Fig. 2. One is easy but not very 
efficient, the other is difficult but efficient. 


Oil temperature rise = 
Total = 


Fig. 2. Diagram (a). Diagram (b). 
The rate of heat travel across a distance 


at 90° to plane of laminations is only about 
1/20th the rate of travel along the plane of lamina- 
tions. 


The oil duct arrangement the Company uses 
consists of slots stamped in the laminations, and 
so disposed as to result in a series of stepped and 
inclined oil ways passing through the 


core. 
See Fig. 3. : 


With this arrangement on the 24in. wide 
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plate, the temperature rise from the oil surface 
to the hottest point is reduced to 55° C., which 
with an oil temperature rise of 50°C. gives a 
total of 105°C. as compared with 176° C. when 
no oil ducts were used. 


| 


Fig. 3. 


It will be seen therefore that internal ducts 
are essential on large sized cores, and further that 
these must be at right angles to the surfaces of 
the laminations. 


RATING OF CORE. 

Fluxing the core of a transformer requires a 
large amount of apparent energy, and compara- 
tively little real energy. Most of the energy put 
in to bring up the flux to its maximum value is 
given back to the supply circuit as the flux falls 
again. The shape of the B-H curve suggests an 
economical use of iron with induction density of 
approximately between 11,000 and 15,000 lines/ 
sq. em. Above this latter value the apparent 
kVA. required to excite the core becomes ex- 
cessive, in fact for figures above this, one may 
consider that the iron refuses to help. So far as 
temperature considerations concerned, it 
would be quite practicable to rate cores up to 
16,000 or even higher figures of density, and this 
has been done. There have, however, been found 
certain objections, including (a) the large amount 


are 
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of apparent kVA. required to excite. This with 
a 100 kVA. transformer would amount to prob- 
ably 35 per cent. of the full-load current of the 
transformer, and is objected to very strongly by 
the operating engineer, as this wattless kVA. 
on numerous distribution transformers artificially 
loads up his supply cables as well as resulting in 
high iron kW. losses which are a continuous 
liability. 

(b) The extremely loud hum from the core is 
usually an objection to such high induction 
densities. 

(c) As the knee of the B-H curve is passed, 
there occurs a rapid increase in third, fifth and 
seventh harmonics in the exciting current. In 
the normal three-phase transformer it is usual 
to have one delta-connected winding, which 
allows the circulation of a triple frequency current 
supplying the required third harmonic. The 
fifth and seventh, however, must be supplied by 
the generating plant, the impedance of the wind- 
ings of which to currents of these high frequencies 
is high. Under certain conditions of transformer 
capacity to generating plant capacity, the whole 
of the fifth and seventh harmonic currents are 
not supplied to the transformer. The result is 
a departure from a sine wave of flux and therefore, 
of secondary voltage. 

A general practice is to rate cores at densities 
up to 14,000 lines/sq. em. maximum, and for 
small distribution transformers down to 11,000 
lines/sq. em. 

WINDINGS. 

The most economical arrangement of the 
H.V. and L.V. windings on core type trans- 
formers is obtained by placing them concentrically 
one with the other, usually the L.V. winding 
is placed next the core. 

There are many cases where special reasons 
require a departure from this most simple of 
arrangements. 

Large current furnace transformers are most 
conveniently designed with the H.V. coils 
adjacent to the core and the L.V. winding con- 
sisting of a whole stack of dise coils connected in 
parallel, on the outside. 

Also, special mercury-are rectifier transformers 
have to be designed with quite low impedance, 
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and the certainty of high short-circuit current, 
and these two features in combination, force the 
designer to adopt a sandwich arrangement of 
H.V. and L.V. coils, viz.: H.V. and L.V. 
alternatively to the extent of 6, 8 or 10 groups, 
spaced down the length of the limb of the core. 
The effect of thus splitting the total number of 
turns into several groups is to reduce the effective 
ampere-turns producing mechanical _ stress 
between coils and between coils and frames, on 
“dead” short-circuits. 

In the case of transformers for supply of 
rotary convertors, where high reactance is 
required in the transformer, the sandwich type 
of winding is also used ; in this case as a means 
of obtaining most economically a high leakage 
as between H.V. and L.V. windings. 

Another departure from the simple concentric 
winding is the double concentric where usually 
one portion of the H.V. winding is placed next 
the core, then the L.V, and outside this the re- 
mainder of the H.V. winding. This arrangement 
is used occasionally in medium sized units where 
exceptionally low impedance (or leakage) is 
required, whilst it is used quite frequently on 
very large transformers where the H.V. neutral 
point is grounded or where mechanical stresses 
on short-circuit are serious. 

On small and medium sized transformers the 
H.V. windings are divided into several coils per 
phase. Where the very small round wires are 
used, the coils are either wound as a complete 
phase winding upon a single bakelite tube, or 
individual pairs of coils are wound on short 
tubes. This is to give a good mechanical form 
and strength to the coils. 

Larger wire coils are wound on separate formers 
in pairs. Insulation between layers consists of 
paper sleeved on to alternate ends of layer turns. 
The wires themselves are insulated with cotton, 
paper or enamel, or a combination of enamel and 
paper, or enamel and cotton. For a normal 
11,000 V. winding the main body of the wire is 
double cotton covered, whilst the turns of the 
end coils are paper covered. The coils are 
usually assembled with fullerboard separating 
blocks between them, maintaining insulating and 
oil ventilating ducts. 
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This type of coil is economical to manufacture, 
but requires most careful attention to detail in 
winding and finishing. 

Where the current exceeds approximately 25 
amperes, rectangular section conductors are used 
and wound in the form of dise or pancake coils. 
These are wound on formers, one conductor above 
another. Sections and coils are separated in the 
assembled transformer by fullerboard blocks, 
providing coil to coil insulation and oil ducts. 

L.V. coils for small and medium sized trans- 
formers are wound of a number of rectangular 
wires in parallel and in the form of multi-layer 
spirals. Insulation between layers consists of 
fullerboard sheets or fullerboard sheets plus an 
oil duct. In small sizes the oil duct is usually 
unnecessary from a cooling point of view as the 
dimensions are small and the rating of material 
low; but on medium and large units sufficient 
ducts are provided to ensure that all conductors 
are adjacent to an oil duct. 

On very large transformers where heavy 
currents are dealt with, the company use what 
may be termed, a sandwich-spiral coil. This 
type is wound on a strong bakelite tube. The 
required number of wires are placed radially over 
one another. Fullerboard spacers dovetail wedg- 
ings to long fullerboard strips running the axial 
length of the coil, are used to separate turn from 
turn. The coil has one layer, so the voltage 
distribution along its length is ideal. Proper 
current distribution between the parallel wires is 
obtained by a transposition of turns at intervals, 
determined by the number of wires along the 
length. For very large transformers this type 
of coil is a great advance on the multi-layer 
spiral type of coil. 


INSULATION. 


The cotton or paper thickness applied to con- 
ductors is determined primarily by the system 
voltage. The normal voltage between adjacent 
turns is, even with large transformers, quite low, 
when compared to the pressures to be expected 
under lightning surges. The maximum impulse 
to be anticipated is limited only by the line 
insulation. The entrance of a steep-front light- 
ning impulse into a transformer winding results 
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in high voltage differences appearing between 
turns and between coils. (The wave as it travels 
through the winding inductance has its slope and 
peak value reduced, so that the turn-to-turn 
insulation should be made a maximum at the 
start of the winding and reduced in the body of 
the winding.) 

The main insulation between windings and 
ground must also be considered carefully from 
the lightning impulse point of view. In some 
cases where normal H.V. to ground tests are 
specified for the transformer, some specially 
high value of insulation is determined upon for 
the supply line, without consideration of the 
transformer. It is now, however, gradually being 
realised that where special line insulation is 
adopted, the transformer main-insulation tests 
should be increased correspondingly. The main 
insulation between H.V. and L.V., and H.V. 
and ground is usually fullerboard sheets, angles 
and blocks. This material consists mainly of 
cotton rag pulped, treated and rolied into sheets 
of various thicknesses. 

TAPPINGS, 

Practically all power transformers are supplied 
with tappings in the H.V. r 
windings. In practice they 
are used to correct for a depar- 
ture from the normal supply 
voltage, or to boost up the 
voltage on an L.V. distributor. 

In general, they are not sup- 
posed to be used to providemore 
than a 5 per cent. increase 
above normal L.V. pressure, 
or the core will be over-excited. 

On small and medium sized 
transformers where the tap- 
ping range required is usually 
about 10 per cent., the tap- 
pings are taken out from the 
middle-winding coils—this to 
preserve as far as_ possible 
the balance of the opposed 
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weak points, occur at a portion of the winding 
where the turn-to-turn voltage stress incident to 
switching and lightning impulses, is lower than 
other parts of the winding. 

With large transformers and particularly where 
the tapping range may be as high as 20—25 per 
cent., it becomes very inconvenient to place all 
the tappings at the middle point, on account of 
the great upset they cause to the magnetic 
symmetry of the winding ; instead they may be 
placed on special full length spiral coils, or the 
whole winding may be split into two parallel 
halves with duplicate tap sections on each half ; 
both schemes greatly reducing the dis-symmetry 
caused by the tappings. 

MECHANICAL STRESSES BETWEEN WINDINGS. 

When a transformer is carrying load, the equal 
and opposing ampere turns in the H.V. and L.V. 
windings produce a magnetically excited condition 
of the space between the two windings. This 
results in a repulsive force between the two 
windings and is governed by the current, number 
and length of turns and the space between them. 

This force under normal load currents is 
usually low in proportion to the strength of the 


H.V. and L.V. total ampere 
turns ; it also has the advan- 
tage that tappings which 


Fig. 4. 
might be considered as possible . 


Core and Windings for a 24,000 kV A. 3-phase 50-cycle Transformer 
66,000/20,000 Volts. 
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coils required to carry the current. But under 
system fault conditions, the amount of current 
passing through the transformer may be limited 
only by the impedance of the transformer wind- 
ings, and the forces resulting, rise as the square 
of the current, so that with a transformer of 
5 per cent. impedance, the short-circuit stress 
becomes 400 times the normal full-load stresses. 
When it is considered that all present-day trans- 
formers are required to be capable of withstanding 
short-circuit currents without suffering damage, 
it will be realised that the design of windings and 
their supporting structures is very important. 
With the circular coil core-type transformer, it 
is possible in theory so to dispose the H.V. 
relative to the L.V. that the stress between the 
coils is entirely radial. Ampere turns on the 
L.V. are exactly balanced by corresponding 
ampere turns on the H.V. The shape of the 
coils being circular and their disposition being 
co-axial, the forces are opposed by the naturally 
greater strength of the coils, viz.: to circular 
bursting and circular compression. Actually, this 
ideal of exact co-axial disposition is not obtainable 
in practice, so that even where tappings are 
absent, a certain amount of mal-adjustment must 
be assumed. 

The demand by power engineers for increasingly 
wide tapping ranges on large transformers, to 
meet the voltage regulation requirements on their 
transmission systems, has much increased the 
complexity of several of the problems to be solved 
in the production of a transformer construction, 
which is reliable and dependable under all load 
and fault conditions. 

Where tappings are taken off the H.V. winding, 
the dissymmetry is greatly increased. If they 
are taken from the centre of the primary stack 
of coils, we have in fact split up the primary into 
two groups of coils. At the end of the coils the 
reactive force will still be radially from and 
towards the centre of the coils, but at the centre, 
this force will be slightly away from the centre 
on each half of the coil stack. Taking the 
summation of the forces over the top half, we 
find that the resultant will act from the balanced 
centres of both primary (top half) and secondary 
(top half) and will make an angle with the vertical 
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face of the coils which is not at right angles. 
This means that this force can be resolved into 
two components, one along the face of the coils . 
in the vertical direction, and one at right angles 
to the face in the horizontal direction. The lower 
half of the coils may be treated in a similar way. 
By calculation we can estimate this force and its 
direction, and we can provide our strength of 
support to withstand such stresses under the 
most onerous condition. 

It will be readily appreciated that in a case 
where a large tapping range is required, when all 
tappings are out and a large gap is left in the 
middle of the H.V. winding, the axial component 
of the stress may be very great as the angle of the 
total stress is far removed from the horizontal. 


P= Centre of Half L.V. 
Q = Centre of Half H.V. 
PQ= Total Stress. 
QR = Axial Stress. 


An arrangement mentioned earlier where the 
H.V. winding is divided into two equal parts 
connected in parallel each with its own tap 
section, provides a means of great improvement. 
The resulting axial component of the stresses 
is more than halved. A _ further refinement 
consists of constructing the L.V. coil with a 
space opposite the tap section. 

Illustration of results of this line of argument 
are given below :— 

Effect of tappings on vertical stress. 

Case—24,000 kVA. 3-ph. 50-cy. 66,000 volt plus 
6 to minus 21 per cent. star/20,000 star. 

Reactance 10 per cent. with full windings in. 

Normal stress = 8,340 lbs. 

The stresses occurring for different tapping coil 
arrangements are shown in the diagrams and table 
on the opposite page. 
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In the design of windings in general the estimat- conductors. This mal-distribution is caused 


ing of eddy loss (or stray losses) is always best 
approached from the view-point of the shape and 
varying strength of the leakage field existing 
between the H.V. and L.V. windings. 

It is still common to refer to these additional 
or excess losses in copper conductors, as eddy 
current losses. These extra are more 
easily appreciated if considered as the result of 
mal-distribution of current across the sections of 


losses 


by variation between the impedance of individual 
assumed strips of a conductor's total section. 
This variation is caused by the self-inductance of 
the conductor and by the mutual inductance 
effect of other conductors in its vicinity. It 
might, therefore, be more accurate and even more 
helpful to speak of these losses as inductive losses. 

In general the loss increases as the square of 
the dimension of the conductor measured in the 


~ 
| 
| 
| 
| 
| 
} 
| 
| 
| 


73 


THE ENGLISH ELECTRIC JOURNAL 


direction at 90° to the line of the leakage field. 
Thus in concentric wound transformers the radial 
dimensions of the conductors must be kept in 
mind, or where several parallel conductors are 
used, they must be transposed at intervals, so 
that the average field leakage strength encountered 
by each individual wire in its complete length is 
the same as every other. On the other hand, with 
sandwich coil arrangement the axial dimension 
is important, as the leakage field is radial. 


Fig. 5. 


Take a particular case, that is the ampere turn 
element which is balanced by the centre ampere 
turn of the primary. 

When all tappings are in circuit, the primary 
and secondary ampere turns may be radially 
opposite and the stress between them lies along 
a line B-B, see Fig. 5, viz., along the narrow 
dimension of the conductor. When, however, a 
portion of the winding is cut out, the opposing 
ampere turn elements are disposed relatively to 
one another as indicated by small rectangles *‘ c¢,” 
and “d,” the stress between them now lying 
along line A-A!. Thus the line of stress is cutting 
a greater radial dimension of the conductor, and 
increasing the eddy loss as a function of g./f. 

The energy loss consequent on load current 
traversing the windings causes a rise in tempera- 
ture of the copper. The amount of temperature 
rise must be controlled and owing to the nature 
of the insulating materials available to the 
transformer designer, the amount of temperature 
rise is very limited. Cotton, jute, manilla—the 
main materials, cannot endure a temperature 
very much higher than that to which they are 
accustomed when growing in the sunshine in the 
warm parts of the world. If they are maintained 
at temperatures much above 100° C. they begin 
to lose their mechanical strength and_ their 
insulating properties. 


The ambient air temperatures in temperate 
climates have a normal maximum of say, 35° C. 
—which allows, with certain necessary safeguards, 
a temperature rise of materials in service of the 
quite small amount of 55° C or 60° C. 

With self-cooled transformers (type ON.), this 
total rise figure is divided into several parts, which 
may be approximately stated as— 

a—temperature difference between cooling air 

and the circulating oil 

b—temperature difference between oil and 

coil surface 

c—temperature difference between coil surface 

and copper surface 

“b” is mainly governed by the speed of oil 
flow, so that within the limits of design this 
should be kept as high as possible 

““¢” is dependent on the thickness and nature 
of the insulation used. 

“a” is the major figure. The oil has received 
the loss energy and has now to dissipate it into 
the surrounding air. The oil is contained by a 
steel tank and the cooling surface required is 
obtained, on transformers larger than about 
30 kVA., by the use of steel tubes suitably shaped 
to allow them being welded into the tank top and 
bottom. The limiting transformer size for this 
type of tank is several thousand kVA. Until 
recently it has been the general practice to 
design a tank and tube arrangement, without 
much regard to the shape and position of the 
transformer in it. This led to varying results 
and occasional disappointments. 

Consider first the cause of oil circulation. The 
heat from coils and core warms the oil in contact 
with their respective surfaces and by so doing, 
causes that oil to become lighter per unit volume, 
as compared with oil away from contact with the 
warming surfaces. This produces motion, of warm 
oil up and cold oil down. When warm oil in the 
top of the tank reaches the tank cooling surface 
it begins to be cooled by reason of the intimate 
thermal contact provided by the steel wall 
between itself and the outside air. We then have 
oil near the tank cooling surface being increased 
in weight per unit volume. This increases the 
urge to motion and there is a definite circulation 
of oil up through the windings and down along 
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the tank cooling surfaces. The speed of circula- 
tion is quite slow—1] in. or 2 in. per second under 
good conditions, the thermally produced head 
being very small. 


The mean height of the cooling column must 
be above the mean height of the heating column 
and if this condition is complied with, under 
reasonable conditions, circulation will occur. 
The best results will not, however, be obtained 
unless due regard is taken for the level at which 
the oil leaves the cooling tubes and enters the 
tank. It was first argued and then proved by 
test that to allow the oil entrance at a point 
below the level corresponding to where the coil 
heating surfaces commenced, had the effect of 
reducing the net thermal head and so reducing 
speed of flow. Such a reduction in speed results 
in a greater temperature difference between top 
and bottom of cooling tubes, or a lower mean 
temperature difference between tubes and cooling 
air, with consequent loss in tank surface cooling 
efficiency. 


It would appear that a diagram can be drawn 
to illustrate this point. 


©, 


¥ 


Height 


ie) unit volume 

Fig. 6. Diagram (a). 

In the diagram (a) Fig. 6, the horizontal 
ordinates represent weight per unit volume of 
oil, and vertical ordinates represent height 
dimensions. The movement of oil may be 
represented in the diagram as commencing at 
the bottom of the coils represented by the point 
O and rising in temperature as it passes through 
the coils, and is losing weight per unit volume 
until it reaches the point P where the heating 
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ceases. It rises without loss of temperature to 
the point Q where it enters the cooling tubes, and 
is cooled on its way from this point to the point O. 
The area of the triangle included between O, 
P and Q represents the circulating head available. 
It will be seen from this that to have the cooling 
head approximating to the heating head will 
result in very poor circulation, and very inefficient 
working. It would also appear that a very high 
cooling head will be advantageous. There is, 
however, a limit to this as the resistance to be 
overcome by the circulating oil will soon begin 
to cancel out the advantages of the increased 
cooling head. 


Q 
e 
= 
$ 
r 
a unit volume 


Fig. 7. Diagram (b). 

Referring to diagram (b) (Fig. 7), here the 
oil commences to warm up as it moves from point 
O to point P, and cools from point Q to point R. 
This latter figure is physically below the heating 
commencement point O. Oil would then move 
upwards from point R to point O before beginning 
to do any work. The positive head available 
for circulation is now represented by the area of 
the triangle P, Q, 8, whilst the area of the triangle 
O, R, S may be considered as representing the 
retarding effect upon the circulation caused by 
the oil entering the tank at a point below the 
commencement of heating point O. The net 
available circulating head is, therefore, the 
difference between the areas of the two triangles, 
P, Q, S and O, R, 8. 

These diagrams are not intended to be accurate, 
but are suggestive of principles determining the 
rate of circulation. 
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All of the Company’s standard tank designs are 
constructed to conform with this principle. 

For large sized transformers the self-cooling 
method is not economical beyond certain limits, 
accordingly various other methods of cooling are 
adopted. 


Water Coo.ine (Type 


A method which has been frequently used in 
the past is to immerse in the transformer tank 
a copper coil through which water is run to carry 
away the heat. This is now very seldom used, 
as it has several disadvantages when compared 
with the method involving a separate water 
cooler mounted outside the main tank and through 
which the oil is forced by means of a pump. 
The advantages of this latter scheme (Type 
O F W) are firstly, that the pump provides more 
positive and economical circulation of oil through 
the transformer windings and the cooler tubes, 
and secondly, that the cooler, being outside the 
transformer, can be designed for easy periodic 
cleaning of the water tubes, and thirdly, that it 
is possible to arrange for the oil pressure to be 
always higher than the water pressure so that 
any leaks in the system may be from oil to water 
instead of from water to oil. 


Air Buast Cootine (Type O B). 


With this method the transformer has a certain 
radiating surface with tubes or radiators. The 
self thermal syphoning of oil inside the case is 
utilised, but the air is blown on to the outside 
surface so increasing the rate of dissipation of 
losses. 


Forcep Buast Coo.ine (Type O F B). 


This has been used a great deal on the large 
transformers that have been built for the National 
“Grid.” The idea was to have sufficient radiating 
surface to dissipate losses for the transformer on 
half load. For full load conditions a pump is used 
to speed up the oil circulation, and an air blast 
is directed against the radiating surface to increase 
the rate of dissipation. 

The use of air blast cooling is becoming more 
popular and water as a cooling medium is becom- 
ing less used, the general reason being that air is 
always available and costs nothing, and water 


Fig. 8. 25 kVA. Single Phase 33,000 Volt Transformer 
Type ON. For Outdoor Service. 


frequently costs an appreciable amount, and the 
continuity of the supply is not always certain. 

As a comparison between the amount of cooling 
surface required for various types of cooling, the 
following approximate comparison can be made : 
—If we say the surface required for the OF B 
type of cooling is equal to—unity, the surface 
required for the O B type cooling is represented 
by 2, and that required for the O N type cooling 
is represented by 3, so that where costs and space 
required are of first consideration, the forced 
oil air blast type O F B is the most economical. 
This type, however, requires a certain amount 
of supervision owing to the fact that there is 
auxiliary apparatus running and this is where 
the self-cooled type ON transformer has the 
advantage. 
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Increased Range of Domestic and Heating Products. 


The popularity achieved by the ‘“ English 
Electric ** range of Electric Fires and Cookers 
during the past two years indicates clearly that 
they met with general public approval ; and the 
requests received by the Company for additions 
to the series have lead to a number of develop- 
ments of the domestic and heating products. 


ELectric Fires. 

The range of 1, 2 and 3 kW. fires (Catalogue 
Nos. HH. 101, HH. 102 and HH. 103) has been 
referred to previously in the July, 1932, issue 
of this journal, and, as the general design proved 
highly successful, it has been retained for the 
present season. 


A similar series to 
the above, but follow- 
ing the modern tend- 
ency in design (that 
is, straight lines and 
angles in 
curves),is included in 


place of 


the fires for this season 
(Catalogue Nos. HH. 
106, HH. 107 and 
HH. 108). In this 
range, as the 
previous one, the frame is of fine-grain cast-iron, 
finished in permanent vitreous enamel. The 
fires are of attractive appearance, and the four 
colours available are Steel Blue, Rainbow, Sun- 
rise, and Light Green. 

Roflector fires offer another pleasing alterna- 
tive these 
are 1kW. fires, 
with a pedes- 
tal-base (Cat- 
alogue Nos. 
HH.110 and 
HH. 111), or 
tubular-frame 
support (Cat- 
alogue Nos. 
HH. 112 and 
HH. 113), all 
arranged so 


2-kW. Fire.—Cat. No. HH. 102. 


Pedestal- Base Reflector Fire.— 
Cat. No. HH. 110. 


that the reflector 
may be tilted to 
direct the heat 
where it is required. 
The element, which 
is of the tubular 
type, is carried 
between two spring 
connectors, and is 
easily fixed with- 
out the aid of 


special tools. This 
stockists ?-*W. Pire—Cat. No. HH. 107. 


enables 
to hold fire bodies in stock, with the elements 
separately packed in cartons, to thus facilitate 
despatch and allow elements for different voltages 
to be fitted quickly and easily. 

The highly-polished chromium-plated reflector 
is supported between cast-iron sides, the latter 
being finished in Black, Grey or Cream enamel. 

The Pedestal-base Reflector Fires (Catalogue 
Nos. HH. 110 and HH. 111) are generally similar, 
except that the base of the latter is designed for 
wall-mounting, and cords are provided so that 
tilting of the reflector may be effected from 
arm-level, thus rendering it particularly suitable 
for use in a bathroom or similar situation. 

In the Tubular-frame Reflector fires (Catalogue 
Nos. HH. 112 and HH. 113) the steel tubular- 
frame is chromium-plated also. 


Fires. 

The requirements for providing heat by wall- 
mounted fires are fully met by the range of Wall- 
Type Surround, and Inset Fires. Wall-Type 
Surround Fires (Catalogue No. HH. 120) are 
particularly suitable for fitting direct to the wall 
and comprise a smooth-surface cast-iron surround 
complete with two standard 1 kW. elements, 
double-pole switches, line and earth terminals, 
ready for fixing. Ventilating louvres are fitted 
behind the elements, thus allowing very little 
heat to be given off at the back and deflecting 
the heated air into the room above the element. 


The surround, which in design follows the 
modern tendency for straight lines and 


f 
3 
» 
pets 
| 
25 
| 


1-kW. Tubular- Frame Reflector Fire.—Cat. No. HH. 112. 


angles, is finished in attractive shades of Steel 
Blue, Rainbow, Sunrise or Light Green vitreous 
enamel. The normal finish for the fire-guards, 
switch-dollies and fixing screws is bronze, but 
these may be chromium-plated if desired. 

Where an existing switch-plug is to be used, 
this fire may be fixed above the skirting board 
close to the plug, as the surround is designed so 
that the leads may enter, from either the left or 
right-hand side as desired. On new installations 
the leads are taken direct to the terminals behind 
the fire so that no flexible or cable is visible. 

INSET FIREs. 

Where an existing fireplace is to be re-modelled 
to take an electric fire, an “‘ English Electric ” 
Inset Fire is ideal. The fire may be mounted 


Wall-Type Surround Fire.—Cat. No. HH. 120. 
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Chromium-plated Inset Fire.—Cat. No. HH. 105. 
Mounted on Cast-Iron Surround.—Cat. No. HH. 121. 
on a polished slate or a cast-iron panel which has 
a rectangular hole to take the fire, and is secured 
over the fireplace or aperture by means of four 

chromium-plated screws. 

Two types of Inset Fires are available ; Cata- 
logue No. HH. 104 is of cast-iron, finished in 
permanent vitreous enamel the shades being 
French Grey, Brown, or Marble ; Catalogue No. 
HH. 105 is of chromium-plated sheet-steel. In 
each design the fire is held in position in the 
panel by one chromium-plated screw at the 
bottom, thus making a particularly neat fitment. 

The cast-iron panel for Inset fires is finished 
in synthetic enamel, black on white, which gives 
an attractive marble effect. It is an economic 
proposition for housing schemes where cost is an 
important factor. Polished slate panels in 
various shades also make an effective background 
for these fires, and are available in two sizes. 

When it is desired to use Inset Fires in rooms 
where no chimney breast exists, a recess is 
necessary to accommodate the back of the fire. 
This arrangement avoids the need for a very 
thick panel, and, incidentally the reduction in 
thickness of the panel enhances the artistic 
appearance of the fire. All the new season’s 
fires, with the exception of the Reflector Fires, 
are fitted with interchangeable elements af the 
bar or slab type. This, together with standard 
element guards and switches, ensures low stocking 
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levels for 
placement 


re- 


parts, and con- A 
sequently low — 
maintenance 
costs for the 


many Electric- 
ity Supply Un- 
dertakings who 
supply these 


fires on simple 
hire terms. Cast-iron Inset Fire. 

Cat. No. HH. 104. 
BREAKFAST. COOKERS. 

To meet popular demand, the range of electric 
cookers has been extended by the inclusion of a 
Breakfast Cooker (Catalogue No. HC. 250), which 
forms a convenient auxiliary to the ordinary 
household equipment or for use in a small house 
or flat. This breakfast cooker is designed so 
that boiling and grilling or toasting may be 
carried out simultaneously. 

A particular feature is the excellent performance 
of the element. This element consists of a series of 
non-corrodible steel channel-sections with a heating 
element supported on suitable refractories under 
each channel. When in operation the element 
is semi-luminous. The full capacity of the 
element is 2,000 watts, but it is arranged for 
3-heat regulation, the heat being evenly distri- 
buted over the surface when working on the 
“low,” “medium” or high” heat positions. 
A deflector-plate of polished chromium-plated 
steel is provided for inserting under the grill 
when the cooker is used for boiling only, in order 

—y to deflect all 
of the heat 
upwards. <A 
drop-down 


can be 
provided,thus 
converting 
the grill 
chamber into 
a small oven, 


door 


which is capa- 


ble of cooking 


Chromium-plated Inset Fire. small joint 


Cat. No. HH. 105. 
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or bird perfectly. Some tests, carried out to 
ascertain the times required for boiling water on 
this cooker, commencing with the plate cold in 
the first test, and with the plate hot in the 
second test, were as follows :— 

With plate cold :— 


1 pint of water — 6 minutes 15 seconds. 
2 pints » — 9 
» —12 50 


With the plate hot :— 
1 pint of water 
2 pints » —6 " 40 

The temperature of the water when cold was 
60° F, 

As a cooking test, a light lunch for three people 
consisting of cutlets, potatoes, greens, and stewed 
fruit as a sweet, was prepared in a little under 
half-an-hour with a total consumption of one 
unit of electricity ; thus showing how light and 
attractive meals may be 


3 minutes 45 seconds 


cooked quickly and 
economically by the housewife or bachelor girl. 
Water Heaters. 

Water-heaters form a further development in 
this section; these are of the push-type in the 
1} gallon size (Catalogue No. HW. 1) and of the 
pressure type for the larger sizes. 

The 1}-gallon heater is designed for fixing 
above sinks or lavatory basins, and is fitted with 
an open outlet, thus the heater is always full 
of water. When the cold inlet tap is opened, 
the hot water is forced out of the heater by 
displacement. 


The inner case is of heavy-gauge 
copper which is spun in two halves, and the 
seam is welded, thus ensuring sound construction. 

The outer case of the water-heater is made of 


Breakfast Cooker.—Cat. No. HC. 250. 
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mild-steel plate 
which is treated 
to prevent rust- 
ing, and} the 
exterior is stov- 
ed enamel. The 
insulation is 
granular cork. 
A rigid flange 
plate carries the 
interior fittings, 
and a non-return 
pipe is fitted in 
order to prevent 
the water in the 
heater being 
emptied back 
into the piping 
system should 
the cold - inlet 
tap be opened with no main supply. 

The outlet pipe is fitted with a patented multi- 
point heat syphon which prevents water dripping 
from the swan-neck. As water enters the tank 
its level rises until the water flows from the outlet 
pipe and this flow will continue so long as the 
inlet tap is open. If this latter tap is closed, 
water will continue to flow until the syphon 
effect is interrupted, and the water level in the 
tank will be sufficiently below the syphon outlet to 
allow for the expansion when it is heated, so that 
it will not reach the opening of the outlet pipe. 

The immersion heater, which can be removed 
without running off the water, is mounted on a 
series of fire-clay formas, the element being wound 
longitudinally. 

The thermostat is fitted in a pocket, and can be 
adjusted for temperatures from 160°F. to 190°F. 
When the heaters leave the works the thermostats 
are set to operate at 160° F., but provision is 
made for varying the setting if desired. 

Tests on this type of heater show an efficiency 
of 914 per cent. If the water heater is left in 
circuit and no water is drawn off, the electricity 
consumption necessary to replace heat losses is 
only .8 unit in 24 hours, thus indicating the high 
efficiency of this product. 

The pressure-type heater is designed for supply- 


14-Gallon Water Heater, Push-Type. 
Cat. No. HW. 1. 
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ing hot water for general purposes, and can be 
fitted to the normal piping system of the house. 
It is made in the following sizes :— 

5-gallon size loaded to 500 watts. 


12 ,, 1,000, 
15 ” ” 1,500 ” 
20 2,000 ,, 


The construction is generally similar to the 
push-type, but there are no open outlets. The 
heating element and thermostat only are fitted 
on the bottom flange plate. 

A test on the 12-gallon heater showed an 
efficiency of 94 per cent., and the electricity con- 
sumption required to make up the losses with no 
water being drawn off over a period of 24 hours 
was 1.9 units per day. 
factory figure for heat losses on a heater of this 
capacity. 

Ample provision is made on both types of 
water-heater for the easy removal of the interior, 


This is a highly satis- 


if de-scaling becomes necessary. 


12-Gallon Water Heater, Pressure Type. 
Cat. No. HW. 12. 
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AUSTRALIA chooses 


~ ) 4 


The 63 seater 
“ A.E.C. - Eng- 
lish Electric” 
$0’ type Trolley 
Bus for Service 
in Sydney. Note 
the easy loading 
and the front 
entrance com= 
pletely under the 
supervision of 
the Driver. 


The Commonwealth has _ recently 
placed in service three "A.E.C.-English 
Electric" 'Q'‘ type Trolley Buses. One 
a double-decker, the others single- 
deckers. These vehicles, which 
operate in Sydney, are speeding up 
Services and relieving rush-hour con- 
gestion because of their extra mobility 
and great acceleration. " A.E.C.-English 
Electric” Trolley Buses are built to 
meet the demand for mobile, and 
economically operated Public Service 
Transport in the great Cities at Home 
and overseas. 


This is one of the Single-deck “ A.E.C.-English Electric” ‘Q’ type 
Trolley Buses as shipped to Australia. It seats 34 passengers, Write now for latest literature to 


THE ENGLISH ELECTRIC COMPANY LTD. 


Traction Department, Bradford - - --- or 


THE ASSOCIATED EQUIPMENT CO. LTD. 
Southall - + - - - - + += += Middlesex 
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Sockets & Pockets 


Not much connection between sockets and pockets at first 
thought ; but have you ever stopped to realise how small 
savings on each socket help to swell your pocket. It is 
really surprising how ‘ Better-Service’’ Sockets cut your 
drilling costs. 


They outlast ordinary unhardened sockets many times, and 
will have an astonishing effect on your small-tool bill. 


Start ordering ‘‘ Better-Service’’ Sockets to-day, and let your 
pocket feel the benefit. 


SEND FOR SAMPLE SOCKET ON APPROVAL. 
A TRIAL WILL CONVINCE YOU. 


REDUCED PRICEs. 


Ouside Taper Prien uch 
No. 1 To suit No. 2 Morse 3 3 
3 4 3 
4 6 0 
rie | 5 9 0 
No. 2 3 4 3 
ane 4 6 0 
ee 5 9 0 
No. 3 4 6 0 
5 9 0 
No. 4 5 9 0 


William Asquith, Limited, 


Well Royd Works, HALIFAX, 
ENGLAND. 


October, 1934. 
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MICA - Block, Splittings, 
Cut Mica, Washers, etc. 


MICANITE Sheet in all 
qualities. Rings, Tubes, 
Troughs, Tapes, etc. 


PAXOLIN Varnish-Paper 


Tubes, Cylinders. 


PAXOLIN Bushings and 
Insulators for all voltages, for 


EMPIRE Varnished Insulat- 
ing Cloths, Sewn and Seam- 
less Bias Tapes, Silks, Papers. 


EMPIRE Varnished Insulat- 
ing Sleeving. 


LEATHEROID, VULCANISED 
FIBRE, PRESSPAHN, ADHESIVE 
TAPE. 


Indoor and Outdoor Service. 


Insulation, Boards, Panels, | 


( Total Area 5 acres ) 

The largest and most comprehensively equipped 
Factory in the British Empire for the Manufacture 
of Electrical Insulating Materials. 


THE MICANITE 


COMPANY 


Electrical Insulation Eng 
WALTHAMSTOW 


& INSULATORS 


ineers 


LIMITED 


and Manufacturers 
LONDON, 


E.17 
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WEDNESFIELD, Nr. WOLVERHAMPTON 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 

CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 

PICKLED SHEETS, PLATES, <° THICK & UNDER, 

CIRCLES, Etc. ALSO SPECIAL DEEP STAMPING 
& WELDING QUALITY. 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., 
WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE oe WEST BROMWICH. 
Phone: FALLINGS PARK 31375. Phone: TIPTON 1530. 


BEHIND THIS TRADE MARK LIE 


wevwowey 60 YEARS EXPERIENCE OF 
«ELECTRICAL PORCELAINS 


. % Miles and miles of transmission line insulation carries this 
‘7 mark. It is moulded into thousands of heating and lighting 
% accessories. Porcelains of all types are branded with it. 


‘ ® Its success is built on a progressive experience. Years of 
™, experiment have taught us the highest standards of Strength, 
@ Accuracy and Economy in output. 


‘ » | Porcelain is still the hardiest and safest insulating medium. ‘ TT.’ porcelain 
is, from every point of view, in the highest class. 


We make a complete range of porcelains for electrical use :— 


Overhead H.T. Insulators Refractories Porcelains ‘* Fish Spine” Beads 
Post Office Insulators Fire Bars for Accessories for bare wire 
Post Type Insulators of every kind insulation 


TAYLOR TUNNICLIFF PORCELAINS 


INSULATORS .. REFRACTORIES .. CHINAS .. BEADS 


TAYLOR TUNNICLIFF & CO., LTD.,110 CANNON ST., LONDON, E.C.4.—Teleph - Mansion House 7211 and 7212 


— WORKS — 
‘ 
] 


LONDON S.W.1 
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COVER THE 
MANUFACTURING 
WORLD 


The A.B.M.T.M. group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the mainspecialities of the Associated firms, as given below, 
customers have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of the whole group. 


The abundant advantages thus provided by group co-operation will 
be obvious. The after-sales service provided is of a kind beyond the 
scope of the single manufacturer. 


THE MAIN SPECIALITIES \ 
of the Associated Firms areas follows: 
Drilling Machines. James Archdale & Co., Ltd., 


Birmingham. 
Wm. Asquith Ltd., Halifax. 


Lathes. John Lang & Sons Ltd., Johnstone, 
Glasgow. 

Boring Machines and Wm. Asquith Ltd., Halifax. 

Boring Mills. om, Richards & Co., Ltd., Man- 
chester. 


Gear Cutting Machines. J. Parkinson & Son, Shipley, Yorks. 


Grinding Machines. The Churchill Machine Tool Co., 
Ltd., Manchester. 


Turret and Capstan H. W. Ward & Co., Ltd., Birming- 
Lathes. ham. 


Planers, Slotters, etc. The Butler Machine Tool Co., Ltd., 


Halifax. 
\ Kendall & Gent Ltd., Manchester. 
Milling Machines. J. Parkinson & Son, Shipley. 
Jas. Archdale & Co., Ltd., Birming- 
ham. 
Wheel Lathes. Wm. Asquith Ltd., Halifax. 


For further particulars write to: 


17, GROSVENOR GARDENS 


SSOCIATED RITISH ACHINE OOL AKERS 

17, GROSVENOR GARDENS. LONDON, S.W.1. 
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PLAIN & UNIVERSAL 
MILLING MACHINES 


for 

@ ADAPTABILITY 
@ RIGIDITY 

@ ACCURACY 

@ SIMPLICITY 


The illustration shows the 
Plain Machine, type S.A. 
This machine, fitted with 
intermittent table cycle and 
receding motion, is ideal 


for Repetition Work. 


Machine Tool 
Engineering 
Exhibition 


Stands 32 & 43 


Brochure N.S.36 sent on request. 


CRAVEN BROTHERS mancuester) LTD. 


REDDISH - - - STOCKPORT. 


Sales Representatives for Great Britain :— 
A. C. WICKMAN, LTD., Coventry, London, Manchester, Glasgow. 


\ 
\ 
PAV 
M 
> . 
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UR advice is being sought con- 
C) tinually by manufacturers in 
connection with problems 
arising outofdifficulties encountered 
by them in the production of their 
goods. Here a problem is solved 
bythe use ofa special material; there 
by the use of a standard and well- 
known material in aspeciallyadjusted 
physical condition; here by the use 
ofa high-conductivity copper casting 
or forging, or of a fabricated alloy 
of special conductivity; there by the 
use of parts specially machined from 
a suitable material. 


All these cases add to the reserve of 
technical experience and informa- 
tion, steadily built up for many years, 
which we are glad to place at your 
service. If you have a production 
problem which concerns copper or 
copper alloys, consult us. One of 
our experts—from the Research 
Department, the Technical Depart- 
ment, the Works, or the Machine 
Shops—will gladly visit you to discuss 
your problem on the spot. 


By thus ‘‘getting together’’ we can 
go far to realise our foremost aim, 
which is to give you— 


SERVICE 


ESTABLISHED 17483 


Head Office 
MERSEY COPPER 
"WORKS, WIONES 


COPPER, BRASS, BRONZE 


London Office 
168 REGENT STREET 
wt 


| 
| 
| 
: 
| 
| 
| 
| 
| 
| 
: 
| 
| 
| 
4 
| 
| 


THE ENGLISH ELECTRIC JOURNAL 


STRAKER BROTHERS LIMITED 


submit, on request, Specimens and Lay-outs for 


ILLUSTRATED PRICE LISTS, CATALOGUES 
AND GENERAL ADVERTISING 


Designs prepared for 
ARTISTIC LETTER HEADINGS 


for reproduction by 
POWER RELIEF STAMPING 
or LITHOGRAPHY 


ALL ENQUIRIES RECEIVE PERSONAL ATTENTION 


STRAKER BROTHERS LIMITED 


“THE BISHOPSGATE PRESS” 
194-200, BISHOPSGATE, LONDON, E.C.2 


Telephone: BISHOPSGATE 2444 
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